who had atherosclerotic CAD. In 22 cases (55%) a standard 300-cm, 0.014-inch, bare unfiltered exchange guidewire was used; in 12 procedures (30%) a 300-cm first-generation fixed-basket DPD (FilterWire EX) was used, and in 6 cases (15%) a second-generation mobile-basket DPD (RX Accunet, 3 cases; SpiderFX, 3 procedures) was used. Clinical presentation data, anatomical and procedural details relating to wire tip position, incidence of angiographic vasospasm, intimal injury or dissection, and clinical outcome data were recorded and analyzed in both groups. Table 1 summarizes the demographic information and presentation for all patients. All data were recorded and analyzed using JMP Version 5 (SAS Institute, Inc.). For statistical analysis, analysis of variance, t-tests, and chi-square tests were used, and a probability value of Ͻ 0.05 was considered statistically significant.
The FilterWire EX Distal Protection Device
The fixed-basket FilterWire EX DPD consists of a distal polyurethane filter with pores sized between 80 and 100 m that is mounted eccentrically on a 0.014-inch steerable guidewire (Fig. 1A) . The filter basket is fixed to a selfexpandable radiopaque nitinol loop that achieves apposition to the carotid vessel wall. The DPD basket is mounted on the guidewire via a spinner tube that permits steering of the guidewire when the filter is withdrawn inside the delivery sheath with a crossing profile of 3.8 F, but with no freedom of movement along the wire axis. The use of the FilterWire DPD has been previously reported, 3, 8 and shortterm outcomes of a randomized trial have been published. 27 In an ex vivo human atherosclerotic CA preparation, 100% of particles Ͼ 360 m in diameter and 93% of particles Ͼ 80 m in diameter embolized following balloon angioplasty and stent placement were captured successfully by this DPD. 16 
Second-Generation DPD

The RX Accunet
The RX Accunet is a mobile-basket DPD with a nickeltitanium basket mounted on a steerable 0.014-inch guidewire of either 190-or 300-cm length. The filter consists of a membrane with a maximum pore size of 150 m supported by a basket (Fig. 1B) . Radiopaque markers on C. M. Schirmer, D. A. Hoit, and A. M. Malek the guidewire, filter basket, and delivery sheath aid in the positioning of the device in the vessel distal to the stenosis. The basket is mounted centrally on the guidewire, and the proximal attachment of the basket on the guidewire is free to move on the guidewire in a longitudinal fashion. The safety and efficacy of the RX Accunet DPD were established in a series of prospective, nonrandomized, multicenter, single-arm studies.
7
The SpiderFX
The mobile-basket SpiderFX combines a windsockshaped nitinol mesh basket mounted eccentrically on a polytetrafluoroethylene-coated 0.014-inch stainless-steel capture-wire. A proximal gold loop allows retrieval of the mesh basket and visualization of the mesh contour on fluoroscopic images and ensures wall apposition (Fig. 1C) . The SpiderFX wire is designed to rotate independently and move slightly longitudinally in relation to the filter. The feasibility and use of the SpiderFX device have been previously reported in 30 patients 21 in anticipation of a larger multicenter trial to assess its safety and efficacy.
Angioplasty and Stent Placement Procedure
Carotid artery stent placement was carried out in each patient in the following standard fashion: In most cases a 6-F vascular sheath was inserted and a diagnostic catheter was used to selectively catheterize the CCA proximal to the stenosis. Following biplanar and 3D rotational measurements of the stenosis dimensions, either a DPD system or a bare guidewire was used to cross the lesion. When a DPD was used it was deployed in the high cervical ICA Ն 15-20 mm distal to the most distal end of the lesion in a suitable location based on the vessel curvature. Primary angioplasty was performed in the majority of cases (Table 2) , followed by deployment of a stent (Precise Smart Stent, Cordis Corp.; Guidant Acculink stent, Abbott Vascular; or Protege stent, ev3, Inc.). After deployment of the stent, secondary angioplasty was performed if necessary to treat any significant residual stenosis or to aid in shaping the stent and embedding it into the vessel wall. The secondary angioplasty balloon was then deflated and removed. At this point, the DPD was retrieved, removed from the circulation, and inspected for collected debris. Biplanar and 3D rotational angiography were used to assess for residual stenosis, intimal damage, dissection, or branch occlusion of both the cervical and intracranial circulation.
Results
Carotid artery stent placement was successfully performed in 37 (93%) of 40 cases; in 3 cases only primary angioplasty was performed and no stent could be successfully deployed. In 2 of these cases angioplasty was performed in unprotected fashion, and in the third case a second-generation DPD was used. In none of the 3 cases were there any complications related to iatrogenic vasospasm (Table 2) .
A significantly higher incidence of iatrogenic vasospasm was detected among the first-generation fixed-basket (Tables 1 and 2) .
One instance of a non-flow-limiting dissection was observed in the bare exchange wire group. In this case stenting was not possible. The dissection was observed, but was not apparent on follow-up angiography 4 days later or 1 month later. In all occurrences, iatrogenic vasospasm resolved following administration of intraarterial nitroglycerine (4 cases, 10%) or waiting before proceeding with the intervention. Nitroglycerin was more frequently administered in the FilterWire DPD group (3 [25%] of 12 cases, p Ͻ 0.03). Primary angioplasty and secondary angioplasty were more frequently performed in the FilterWire DPD group (p Ͻ 0.002 and p Ͻ 0.04, respectively; Table 2 ). There were no embolic strokes in either group, and there was no between-groups difference in clinical outcome.
Univariate analysis of factors potentially related to vasospasm showed that the use of the FilterWire EX DPD (8 [67%] of 12 cases, p Ͻ 0.004) and secondary angioplasty (12 [35%] of 34 cases, p Ͻ 0.03) were significantly associated with iatrogenic vasospasm (Table 3) .
In a stepwise logistic regression model the variables gender, cardiac risk factors, use of a fixed-basket FilterWire
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Distal protection devices and vasospasm 3 DPD and secondary angioplasty were identified as candidate variables (p Ͻ 0.25). They were entered into a multivariate model that yielded an area under the curve of 0.90 in the receiver-operator characteristic in its ability to predict vasospasm, but only the use of the first-generation fixed-basket FilterWire DPD was identified as an independent predictor of the incidence of vasospasm (p Ͻ 0.0003).
Discussion
Since its introduction into clinical practice and initial results in the 1990s, there has been mounting evidence supporting CA stent placement as a therapy for CAD and as a potential alternative to surgical endarterectomy in certain high-risk patients. To validate CA stent placement as a safe treatment option for CAD, the procedure should improve upon the natural history of CAD with respect to the incidence of stroke and be equivalent or superior to carotid endarterectomy with respect to safety and efficacy in the treated population. The potential for distal embolization of plaque fragments to the brain during CA stent placement spurred the development of a variety of distal embolization protection devices. 13 The deployment of a stent in addition to angioplasty increases the occurrence of microembolic events as detected by transcranial Doppler sonography, 1 potentially increasing the risk of thromboembolic complications. A systematic review in 2003 found that DPD appeared to reduce the number of thromboembolic complications of CA stent placement, 10 a view that was confirmed by a review that incorporates the results of several trials that have been completed since. 22 While there seems to be an emerging consensus that CAS should only be performed with the use of DPDs, 14 data exist that points out the risks and potential adverse effects of the use of a DPD. All DPDs are subject to slight proximal and distal movements during the procedure, even in the hands of the most experienced operators. 11 Many filters, including the 3 DPD types used in this study, are guidewire mounted. This same wire provides the basis for the exchange of the devices used through the primary angioplasty, stenting, and secondary angioplasty phases of CA stent placement. Advancement and retrieval of balloons and stents and the DPD itself have the potential to cause movement of the DPD and damage to the delicate endothelium of the distal cervical ICA. Irritation or damage of the intima, ranging from self-limiting vasospasm to intimal dissection with occlusion of the vessel, can ensue acutely. 4, 12, 19, 25 Stone et al. 24 report a 0.6% rate of dissection after using the FilterWire EX DPD in 348 interventions in aortocoronary bypass grafts. Keeping the DPD stable during the intervention necessitates frequent fluoroscopic position checks that prolong the procedure.
Five different cerebral protection devices were studied in an ex vivo porcine CA model, and the extent of the vessel wall damage caused during deployment, simulated adverse movement (1 cm up, 2 cm down, and 1 cm up again), and retrieval was assessed histologically. All devices caused debris to dislodge during deployment and retrieval; the FilterWire EX caused partial endothelial damage in all instances but no subendothelial destruction. Adverse movement did not cause increased debris dislodgement. 15 The second-generation mobile-basket DPDs that we used in our study were not available at the time the porcine model study was performed, and a follow-up study that incorporates these devices and other new DPDs such as the second-generation of the FilterWire DPD, the FilterWire EZ, would be valuable. Thus, DPDs themselves harbor the potential to cause distal thromboembolic complications, 11, 15 explaining the increased rate of microembolic signals on transcranial Doppler sonography in patients in whom a DPD had been used. 11, 26 We noted a high (67%) incidence of ICA iatrogenic vasospasm associated with the use of the first-generation FilterWire DPD in the current study, which necessitated the modification of the conventional procedure to include intraarterial infusion of nitroglycerin in 3 cases and periods of pause in order to wait for the vasospasm to resolve before proceeding to the next step.
The authors of the initial multicenter study reporting on the experiences with the FilterWire EX did not comment on the incidence of periprocedural vasospasm. 8 Lack of vessel apposition with the FilterWire EX may allow embolic debris to bypass the filter and may be more prone to occur in the possibly tortuous CA. Orthogonal biplanar views are necessary to ensure vessel wall apposition and may be difficult to obtain. Additional manipulations of the FilterWire EX may be necessary to achieve an optimal position of the device, increasing the risk of vessel wall irritation. The next-generation version has been modified to allow the previously fixed basket to move independently from the guidewire shaft and is easier to position. 24 All instances of vasospasm were self limited and reversed after the procedure was halted temporarily or, in 4 cases, after the administration of intraarterial nitroglycerin. In cases in which severe vasospasm is present proximal to the DPD, it is almost impossible to retrieve the DPD without causing further, potentially more serious injury to the vessel wall. Intraarterial nitroglycerin resolves vasospasm in most occurrences (in all instances in the current case series) and enables the operator then to perform a safe retrieval of the DPD or an exchange maneuver, depending on the stage of the procedure. This holds true even for cases in which no DPD was used and vasospasm was caused by guidewire manipulations.
The administration of intraarterial nitroglycerin, however, can cause a significant drop in blood pressure, which, in the setting of severe flow-limiting vasospasm, can lead to at least transient hypoperfusion of the downstream cerebral circulation 5 with potential ischemic sequelae. There were no permanent sequelae such as intimal dissection associated with the FilterWire DPD, and there was no incidence of TIA or stroke following the procedure in our series of patients. A non-flow-limiting dissection was caused in a patient treated without distal protection. Deployment of a stent was not possible in this case, and primary angioplasty was performed; the dissection was observed and was not apparent on follow-up angiography.
There was no apparent relationship between the incidence of vasospasm and other technical factors such as the level of the distal tip of the microwire or whether it was above of below the C-1 vertebral body. In several cases the stiff distal tip of the DPD wire limited its use because of a tortuous CA or tonsillar loop.
A tortuous anatomy of the cervical CA also endangers safe retrieval of the DPD by putting a small segment of the distal tines of the stent into the lumen of the ICA and between the DPD and the retrieval catheter. This happened with oversizing of the stent or unanticipated changes in the vessel curvature after deployment of the stent. Deployment of the DPD distal to a sharp bend of the ICA also impaired retrieval of the DPD by coupling the forward motion of the retrieval catheter and the DPD, resulting in movement of the DPD prior to complete retrieval.
The findings of this study suggest that the first-generation DPDs, with fixed-basket construction, in contrast to bare guidewire or mobile-basket DPDs, induce significant iatrogenic injury to the target vessel. These findings should encourage the further development of novel, less traumatic DPDs that may not subject the endothelial wall to focal frictional irritation. The long-term consequences of focal vasospasm are not well known and angiographic follow-up may be needed to monitor the areas of DPD deployment to rule out delayed stenosis; this area is usually not covered by the follow-up ultrasonography used to monitor CA stenosis.
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Conclusions
A significantly higher incidence of iatrogenic vasospasm was observed following CA stent placement with the fixedbasket FilterWire EX compared with stent placement with a second-generation mobile-basket DPD or unprotected stent placement. While this phenomenon was self-limiting, vasospasm should be considered a risk of this type of DPD that may predispose to more serious vascular injury. Improvements of the DPD design, as seen in the secondgeneration devices in this study, mechanically uncouple the microwire from the filter element to limit force transmission and friction between the filter and vascular intima. When a DPD is elected during CA stent placement, preference should be given to a second-generation mobile-basket device to help minimize the risk of thromboembolic complications, vasospasm, and vessel wall injury.
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